Introduction
Previous studies in patients with an impaired efferent baroreflex led us to discover that water ingestion induces a robust increase in blood pressure (BP) and vascular resistance [1, 2] . The driving force for this increased vascular tone is not known but is likely to be magnified by the lack of baroreflex buffering capacity resulting from their autonomic failure. Water ingestion induces a profound increase in systolic BP averaging approximately 40 mmHg in patients with autonomic failure and also elevated BP of approximately 11 mmHg in elderly subjects. Water induces a rise in peripheral vascular resistance and a reduction in skin blood flow at 20 to 25 min after ingestion without an associated increase in BP in young healthy subjects [3] [4] [5] . This vascular effect appears within 10 min, is maximal at 25-40 min, and largely dissipates by 90 min after water ingestion [2] . This prominent vascular response after water ingestion is termed the osmopressor response (OPR).
Our previous study demonstrated that water ingestion reduce the skin blood flow, which provide a relative index of the rise in the cutaneous arteriolar tone, with rise of total peripheral vascular resistance. Recent study demonstrated that nitric oxide (NO) might involve in the postural orthostatic tachycardia syndrome (POTS) [6, 7] . Both excessive NO-mediated dilation and decreased neuronal NO activity have been reported in POTS. Given the evidence suggesting that NO tonically inhibits sympathetic tone, a decrease in NO func¬tion in POTS could contribute to the hyperadrenergic state seen in this disorder.
Nitric oxide (NO) is one of the most important metabolic modulators of blood pressure and cardiovascular function in healthy subjects [7] . This has emerged as a major regulator mechanism of the cardiovascular system and the stressful situation has been linked to a reduction in serum NO. Theexhaled nitric oxide (eNO) has been popular used readily as a biomarker of vasodilatation in the study of blood pressure control in humans. Breath measurement of the eNO is available to provide a relative index of NO production from the vascular endothelial cells, which diffuses into the alveolar space and makes up an important part of the lower respiratory tract NO. The change of the eNO might be implicated as a biomarker of vascular endothelial response in the osmopressor response in young healthy subjects [8, 9] .
We hypothesized that the eNO might be useful as a biomarker and aid in the clinical research of the osmopressor response. We try to evaluate whether the non-invasive monitor of eNO is feasible to be used as a physiological marker in the osmopressor response. Our present study has shown that there was a consistent relationship between the Abstract Water ingestion induces a robust increase in blood pressure (BP) and vascular resistance in patients with an impaired efferent baroreflex. The mild pressor response was also present in elderly healthy subjects; however, there was no change in arterial blood pressure and notably no change, or even a slight reduction in heart rate in young healthy subjects. Nitric oxide (NO) has emerged as a major regulator mechanism of the cardiovascular system and the stressful situation has been linked to a reduction in serum NO.Thus we hypothesized that the exhaled nitric oxide(eNO) might be feasible to be a biomarker that can aid in the research of the osmopressor responses. The purpose of the present study was to examine whether the non-invasive monitor of eNO could reflect the osmopressor response after water ingestion. In a randomized, controlled, crossover fashion, 34 young healthy subjects (age, 22-35 years) ingested either 500 or 50 mL of water. Heart rate, BP, cardiac index, and total peripheral vascular resistance were measured using a Finometer hemodynamic monitor. eNO was determined by a chemiluminescence analyser before and after subjects ingested either 500 or 50 mL of water. Blood sampling for plasma osmolality was performed at 5 min before and at 25 min after either the water ingestion or control session. At 25 min after the ingestion of 500 mL of water, total peripheral resistance increased significantly, and plasma osmolality decreased. eNO decreased significantly at 25 min after ingestion of 500 mL water. This study suggests that water ingestion induced decrease of the eNO might be used as a novel biological marker in the course of the osmopressor response.
reductions of eNO and heart rate in the course of the osmopressor response.
Methods
This study was approved by the Institutional Review Board (098-032-312) of Tri-Service General Hospital, Taipei, Taiwan and was performed in the Pain Department Laboratory. Informed consent was obtained from each volunteer. We studied 34 healthy normal young adults who had no history of syncope and who were currently using no prescription or over-the-counter medications.
Study Protocol
The subjects were asked to empty their bladder before beginning the test to avoid any effect of the urinary bladder or stomach distension, which are known to affect peripheral sympathetic activity. Study sessions took place in a quiet, dimly lit room at a comfortable ambient temperature (21-24°C). We used a randomized, crossover study design. We used a randomized, crossover study design. Each subject underwent the study protocol twice on separate days. Subjects received either 500 mL or 50 mL water in their initial study, with the alternative in their second test. As water ingestion increases total systemic vascular resistance in healthy young subjects within 5 min after ingestion, reaches a maximum in 20-40 min, and is maintained for more than 1 h [2], the 25-min time point after water ingestion was taken as representative of the maximal osmopressor response in comparison with the baseline level before water ingestion.
Instrumentation
An antecubital venous catheter was inserted for blood sampling at least 15 min before the beginning of the test, with the patient in the sitting position. Hemodynamic parameters including heart rate (HR), BP, stroke volume (SV), cardiac index (CI), and total peripheral vascular resistance (TPR) were measured using a Finometer (FMS, Finapres Measurement Systems, Arnhem, The Netherlands) [10] [11] [12] . Computation of stroke volume and cardiac output using the Model flow method was based on the finger arterial pressure [13] . The hemodynamic parameters were determined by the calculation of one minute average from the continuous recording of Finometer. Skin blood flow (SkBF) was recorded and measured using a flowmeter (DRT4 Instrument, Moor Instrument, Axminster, UK) over the right palmar region [14] .
Exhaled nitric oxide measurement
Exhaled NO was measured at 50, 100 and 200 mLs -1 with a chemiluminescence analyser (NIOX; Aerocrine AB, Solna, Sweden), according to current recommendations [15] . Estimation of alveolar and bronchial contributions to exhaled NO was made by the slopeintercept model [16] using all the above-mentioned flow-rates. The correction of alveolar NO values for axial diffusion was made using the equation CalvNOadj = (Calv NO )×0.08×eNO×0.05) ⁄ 0.92, according to Bucca et al. [17] .
Blood sampling for plasma osmolality
Blood samples (2 mL) were collected at time points of −5 min (baseline) and 25 min after water ingestion. Plasma osmolality was analyzed by the freezing point depression method using an Advanced osmometer model 3900 (Advanced Instruments, Norwood, MA, USA) [18] .
Statistical Analysis
A sample size of 34 was estimated to have 95% power to detect an effect size of 0.8 by the paired t-test with a two-sided significance level of 0.05 [19] . Values are reported as mean ± standard deviation. P-values of <0.05 were considered significant, and all tests were two-tailed. Statistical analyses were performed using SPSS ver. 13.0 software (SPSS Inc., Chicago, IL, USA).
Results
Demographic data, basal hemodynamic variables and plasma osmolality for all 34 subjects are shown in Table 1 .
Hemodynamic variables
Twenty-five minutes after ingesting 500 mL of water, HR decreased significantly from 72.8 ± 9.4 bpm at baseline to 66.4 ± 7.8 bpm after ingesting 500 mL of water (p<0.0001). CI decreased significantly from 3.31 ± 0.50 L/min/m2 at baseline to 3.04 ± 0.47 L/min/m 2 (p=0.0041) after ingesting 500 mL of water. Twenty-five minutes after ingesting 500 mL water, TPR increased significantly from 1342 ± 240 dyne⋅s⋅cm −5 at baseline to 1732 ± 374 dyne⋅sec⋅cm −5 (p<0.0001). Ingestion of 500 mL of water decreased the SkBF from 196.7 ± 89.3 perfusion units at baseline to 93.9 ± 92.8 perfusion units (p<0.0001; Table 2 ).
Change in plasma osmolality after water ingestion
There was statistical significant difference in the plasma osmolality between the water-ingesting (500 mL) and control (50 mL) sessions at 25th min after water ingestion (p=0.0003; Figure 1 ) Ingestion of 500 mL of water lowered plasma osmolality from 284.3 ± 4.2 mOsm/kg at baseline to 280.5 ± 4.0mOsm/kg at 25 th min after water ingestion (p=0.0001). There was statistical significant difference in the eNO between the water-ingesting (500 mL) and control (50 mL) sessions at 25 th min after water ingestion (p=0.0475; Figure 2 ). Ingestion of 500 mL of water lowered eNO from 14.75 ± 1.91 at baseline to 14.19 ± 1.97 μM at 25th min after water ingestion (p=0.0467). Figure 3 displayed a good correlation between the decrease of exhaled nitric oxide (∆eNO) and heart rate (∆HR) at the 25 th minute after ingestion of 500 mL water (r 2 =0.5065; p=0.007). Figure 4 displayed no statistical significant correlation between the increase of total peripheral vascular resistance and decrease of the plasma osmolality at the 25th minute after ingestion of 500 mL water (r=0.2511; p=0.1656).
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Discussion
This study first demonstrated water ingestion reduces the exhaled nitric oxide which could possibly be used as a biological marker in course of the osmopressor response. Second, water ingestion significant lowers the plasma osmolality at the 25 th min after ingestion of 500 mL water. Third, water increases total peripheral vascular resistance and also reduces the palmar skin blood flow. Forth, water ingestion reduces heart rate in associated with the reduction of exhaled nitric oxide at the maximal phase of osmopressor response. 
NO is one of the most important metabolic modulators of blood
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Values are the mean (SD); SBP, systolic blood pressure; DBP, diastolic blood pressure; MABP, mean arterial blood pressure; SV, stroke volume; CI, cardiac index; TPR, total peripheral vascular resistance; SkBF, laser Doppler skin blood flow ** p<0.01 indicates a significant difference between the baseline (-5minutes prior to water ingestion) and 25 minutes after ingestion of 500mLwater pressure and cardiovascular function. Recent studies demonstrated that the sympathetically mediated hyper¬tension caused by chronic inhibition of NO. NO tonically restrains blood pressure by at least 30 mmHg in healthy subjects.The mechanisms by which NO tonically decreases blood pressure includes a direct vasodilatory action and inhibition of sympathetic nervous system tone [20] . The advantage of breath analysis of eNO offer relatively inexpensive, rapid, noninvasive methods for detecting and/or monitoring a variety of physiological response. This simple measurement of eNO could provide reference for the medical applications with specific attention to applications (and potential applications) in water therapy for autonomic disorder. Thus, we suggested that the exhaled NO could be used as biomarkers in the research of the osmopressor response.
Consistent with the previous studies, the present study showed that ingesting water produces a reduction in heart rate in simultaneously increase sympathetic vasoconstriction. This suggested the water ingestion increases the cardiovagal tone simultaneously to buffer the sympathetic vasoconstriction and leads to no apparent change in blood pressure in young healthy subject. The osmopressor response, despite increases in sympathetic vasoconstrictor discharge and peripheral resistance, blood pressure remains stable, have been suggested to be a result of a vagally mediated fall in cardiac output. The fall in cardiac output is likely to be mediated by reductions in both heart rate and stroke volume, as this vagal response has also been observed in both humans and animal subjects [4, 14, 21] .
Our results suggest that the physiological response to water drinking in healthy subjects may be an integrated response, consisting of an increase in sympathetic vasoconstrictor activity coupled with a parallel increase in cardiac vagal tone. Such an autonomic response is unusual, since under most circumstances sympathetic and parasympathetic outflows are inversely related. The osmopressor response is similar in some respects to the 'diving reflex' in which trigeminal nerve stimulation by cold results in cardiac vagal activation and a profound bradycardia, as well as sympathetic activation and vasoconstriction [22] . The bradycardic response following water ingestion appears to have a slow increase in magnitude and a slow decay, a pattern more characteristic of a response have been thought to be driven by the stimulation of water's hypoosmolality [11, 12] .
To our knowledge, the actual site and type of stimulus that elicits the OPR remains controversial. Several potential stimuli have been considered including duodenal stretch, vasoactive hormones, osmotic factors, and the change in plasma volume after water ingestion. Jordan et al. found no measurable changes in plasma vasopressin at 30 and 60 min after subjects drank 500 mL of water and concluded that vasopressin did not participate in the OPR [23, 24] . Hydration status may affect BP, but acutely increasing plasma volume via an intravenous saline infusion fails to elicit the pressor response seen with duodenal water administration [25, 26] . The absence of a pressor response following a saline infusion via nasogastric tube makes luminal stretch an unlikely explanation for the increase in BP or osmopressor response to water because both fluids would induce an equal duodenal stretch. In fact, it is not easy to investigate how water affects luminal osmolality of the gastrointestinal tract in humans. There was an animal study provides evidence that duodenal infusion of water produces relative hypo-osmolality in the portal circulation, which indicates the hypoosmotic nature of water [27, 28] . Our present study also demonstrated that a water-induced decrease in plasma osmolality was associated with the elicitation of the OPR. Thus, the maximal effect of the OPR that occurred through a decrease in plasma osmolality after water ingestion suggests that the hypo-osmolality of water acted as a major afferent stimulus.
Drinking water increases leg vascular resistance and TPR in healthy young subjects proportional to the increase in muscle sympathetic nerve activity of nerves supplying the calf region [4] . Our present study demonstrated that ingesting water induces sympathetic vasoconstriction associated with a decrease in palmar SkBF, which could be a characteristic of the OPR in young healthy subjects [14] . Direct evidence for sympathetic vasoconstrictor activation after water ingestion is an increase in muscle sympathetic nerve activity [4] . Compared with the elderly or those patients with autonomic failure, ingestion of 500 mL water does not lead to a rise in arterial blood pressure, which is in keeping with the results of previous investigators who, despite convincingly demonstrating a rise in sympathetic vasoconstrictor activity, found no rise in arterial blood pressure [2, 11] . Consistent with these previous studies, the present study showed that ingesting water produced a maximal rise in TPR and an apparent decrease in SkBF without a prominent change in BP [14] .
The physiological response to in normal subjects appears to be complex, involving both limbs of the autonomic nervous system [29, 30] . Further investigations are required to define this response in detail. Only when the normal response to water drinking is clearly understood will be able to explain the powerful and potentially useful effects of water ingestion on blood pressure in subjects with autonomic dysfunction.
In conclusion, this study first demonstrated water reduce the eNO in accompany with slightly bradycardia might explain the complex pattern of the osmopressor response, which may involve both limbs of sympathetic and parasympathetic nervous activating system. We suggest that the eNO could be used as a biological marker in the course of the osmopressor response as a reflection of sympathetic activation of osmopressor response. The molecular basis of water ingestion lower the eNO in the osmopressor response need to be clarified in the future experiment.
Perspectives
Ingestion of water is proven to be therapeutic to relieve debilitating hypotension episodes. Identifying the exact mechanism of waterinduced sympathetic activation may provide novel targets for treating orthostatic and vasovagal syncope. The osmopressor response linked to eNO is a new molecular candidate to implicate the physiology of autonomic cardiovascular regulation in humans.
